and IL-6 with the clinical parameters of patients were tested. Results: The serum levels of ] pg/mL) and pro- ] pg/mL) were higher with enhancing disease severity based on the GOLD classification (p = 0.034 and 0.068, respectively). Also, serum levels of pro- ] pg/mL) and ] pg/mL) were increased in patients with high CAT scores (p = 0.004 and 0.017, respectively). There was a significant positive correlation between plasma pro-BNP and IL-6 levels (r = 0.332, p = 0.002). Conclusion: The results demonstrated that with increased severity of obstruction based on the GOLD criteria both IL-6 and pro-BNP were elevated. This increase in inflammatory markers was associated with a reduced quality of life and the severity of hypoxia. These findings indicated that lowering IL-6 and pro-BNP could be useful in the management of COPD patients. 
Introduction
The main characteristic of chronic obstructive pulmonary disease (COPD) is a limitation of airflow that is not fully reversible but preventable and treatable with significant extrapulmonary effects [1] . Usually, the limitation of airflow in COPD is progressive and related to an abnormal inflammatory condition in response to gases and noxious particles [1] . Obstruction of airflow can lead to dyspnea, inactivity, and poor health-related quality of life [2] . Moreover, in patients with COPD, systemic inflammatory conditions might result from the spill-over of cytokines, mediators, or activated inflammatory cells from the lung to the systemic circulation or, alternatively, from peripheral tissues to the lung [3] . Several studies indicated elevated circulating levels of cytokines such as tumor necrosis factor-α (TNF-α) [4] , interleukin (IL)-6 [5] , and IL-8 [6] in patients with COPD. The repetitive release of cytokines in COPD probably affects the systemic consequence of COPD and health-related quality of life [3] .
One of the most common problems associated with reduced quality of life in COPD patients is cardiac comorbidities [7] . Pulmonary vascular disease, coronaryartery disease, and heart failure are common comorbidities associated with COPD [7, 8] . It was shown that chronic comorbidities in COPD could affect health outcomes and that COPD patients could die from cardiac disorders [9] .
One of the cardiac problems in COPD patients is rightsided heart distention that results in an increased level of serum brain natriuretic peptide (BNP). The BNP is a 32-amino acid polypeptide, and is synthesized and secreted predominantly from the right and left cardiac ventricles [10] . The main stimulus for BNP secretion is ventricular stress with pressure or volume overload. Other triggers of BNP secretion are proinflammatory cytokines such as IL-1β, TNF-α, and IL-6 [10] . Increased levels of proinflammatory cytokines could be due to the increase in BNP in patients with a normal left ventricular function. Therefore, the purpose of this study was to evaluate serum levels of pro-BNP and IL-6 in stable COPD patients and investigate the relationship between these factors and health status using the COPD assessment test (CAT).
Subjects and Methods

Participants
In this study, 82 patients with stable COPD in Ardabil University of Medical Sciences Respiratory Clinic were consecutively enrolled from November 2015 to September 2016. The diagnosis of COPD was established based on American Thoracic Society (ATS) guidelines [11] . Inclusion criteria were a chronic obstructive pulmonary disease with a forced expiratory volume in 1 s (FEV 1 ):forced vital capacity (FVC) ratio <70%. Based on previous studies [12] [13] [14] , the exclusion criteria were potential factors that increase the level of pro-BNP, such as sepsis, pulmonary and renal dysfunction, infectious disease, recent surgery, left ventricular dysfunction, a history of hospitalization 1 month before this study, cardiac ischemia or pulmonary disorders other than COPD, and exacerbation based on a pulmonary examination. Also, for all patients, cardiac history and physical examination were performed by a cardiologist to exclude heart comorbidities.
The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines were used to categorize the severity of COPD as follows: stage I, mild (FEV 1 ≥80% predicted); stage II, moderate (50% ≤ FEV 1 < 80% predicted); stage III, severe (30% ≤ FEV 1 < 50% predicted); and stage IV, very severe (FEV 1 <30% predicted or FEV 1 <50% predicted plus chronic respiratory failure).
A history review and a physical examination were carried out and all patients completed the Persian version of the CAT respiratory questionnaire [15] . The total CAT score was calculated for each individual by summing the points of each variable. The CAT was scored from 0 to 40 and classified into 4 groups based on the impact level of the disease on health status: low, <10; medium, 10-20; high, 21-30; and very high, >30 [16] . This study was approved by the Institutional Ethics Committee and all patients provided written informed consent.
Pulmonary Function Test
A spirometer (Chest Inc., Tokyo, Japan) was used to perform the standard pulmonary function test based on the ATS standards. For each patient, 3 acceptable tests were performed and the one with the highest score was used for the analysis. Pulmonary function tests and biochemical tests were conducted on the same day.
Biochemical Measurements
Peripheral blood samples (3-5 mL) were collected in tubes containing EDTA for measuring plasma pro-BNP and IL-6. Plasma pro-BNP and IL-6 concentrations were measured using a commercial kit (Roche Diagnostics, USA) and an electrochemiluminescence method with an Elecsys 2010 Automated Analyzer (Roche Diagnostics). The results are presented in picograms per milliliter (pg/mL).
Statistical Analysis
Data are presented as the median with 25th to 75th percentiles. To examine the differences among the 3 or 4 groups, a Kruskal-Wallis test was performed. Correlation coefficients were assessed with the Spearman rank test. A p value <0.05 was considered significant.
Result
COPD Severity and Baseline Characteristics of the Study Population
Baseline parameters of the study population for the severity of COPD based on GOLD criteria are shown in 19-123.30 ] pg/mL, p = 0.027 and 0.012, respectively). There was no statistically significant difference between the other stages in plasma pro-BNP levels (Fig. 1b) .
COPD Assessment Test and Baseline Characteristics of the Study Population
The CAT data are summarized in Table 2 . There were statistically significant differences for gender (p = 0.022), history of smoking (p = 0.026), FEV 1 Fig. 2a) . However, the difference between the plasma pro-BNP levels with a high or medium CAT score was not statistically significant (p = 0.657).
Equally, plasma IL-6 concentrations were significantly higher in CAT group IV (7.575 [5-11.16 ], pg/mL) compared with CAT group II (4.43 [1.50-5.01] pg/mL, p = 0.005) and CAT group III (4.54 [1.59-8.64 ] pg/mL, p = 0.034). There was no significant difference between CAT group II and CAT group III (p = 0.338; Fig. 2b ).
Relationship between Plasma pro-BNP and IL-6 Levels with Study Parameters
The plasma pro-BNP levels were significantly associated with pulmonary function parameters such as %FEV 1 (r = -0.238, p = 0.031), %FVC (r = -0.291, p = 0.008), and GOLD stages (r = 0.230, p = 0.038). There were also significant positive correlations between plasma pro-BNP levels and age (r = 0.372, p = 0.001), smoking history (r = 0.343, p = 0.007), SpO 2 (r = -0.333, p = 0.002), and CAT groups (r = 0.335, p = 0.002; Table 3 ).
In addition, we found a significant positive association between plasma pro-BNP and plasma IL-6 levels (r = 0.332, p = 0.002; Fig. 2c ). There were correlations between IL-6 and FEV 1 (r = -0.210, p = 0.058), GOLD stages (r = 0.244, p = 0.027), and CAT groups (r = 0.287, p = 0.009; Table 4 ).
Discussion
In this study, serum pro-BNP and IL-6 levels were significantly increased with disease severity based on GOLD stages in stable COPD patients, and serum pro-BNP and IL-6 levels were higher in CAT group IV than the other CAT groups. In addition, there was a positive correlation between plasma IL-6 levels and pro-BNP concentrations.
The finding that the plasma concentration of pro-BNP was associated with the degree of reduced SpO 2 could probably be due to the presence of hypoxia in patients with severe COPD that leads to an increased secretion of BNP [17] . The probable mechanism of the increased BNP level during exacerbation of COPD was the hypoxia-mediated contraction of small pulmonary arterioles. The ar- teriole contraction could lead to an increase in pulmonary arterial pressure and the subsequent cardiac stress could cause secretion of BNP [17] . Ishii et al. [18] reported a close association between pulmonary artery pressure and BNP concentrations. These findings showed that patients with stable COPD were under right heart tension and myocardial injury. Patients with BNP secreted in large amounts and impaired cardiac function due to myocardial wall stress as a result of pressure or volume overload were very susceptible to cardiovascular events and death [19] . On the other hand, elevated plasma BNP levels have previously been reported in patients with COPD [20] . However, the increase in serum BNP concentrations is lower in patients with COPD than with cardiac heart failure [21] .
The levels of IL-6 enhanced with the severity of COPD and there was a significant correlation between IL-6 and BNP. This finding showed that patients with stable COPD were also prone to heart damage caused by inflammatory markers as it was reported that COPD is an intense inflammatory disorder in the airways, pulmonary vasculature, and parenchyma [22] . In patients with COPD, chronic inflammation leads to changes in the resistance of small airways and the destruction of the alveolar wall [22] . It was also reported that the inflammation was not limited to the airways and pulmonary parenchyma, but occurs as systemic inflammation [23] . During the exacerbation of COPD, the production of proinflammatory cytokines such as IL-1β, TNF-α, IL-6, and C-reactive protein is increased [24] . Other factors involved in the secretion of BNP are proinflammatory cytokines such as IL-1β, TNF-α, and IL-6. Ma et al. [25] showed that the increased production of proinflammatory cytokines during the inflammatory response is probably responsible for the elevated secretion of BNP. Indeed, enhanced IL-6 levels and other cytokines, together with the effect of hypoxia in se- vere COPD, result in pulmonary arterial changes and increased BNP levels. It was shown that excessive secretion of BNP occurs as a result of the synergistic effect of IL-1β, TNF-α, and IL-6 [25] .
Also, in the present study, patients with severe and very severe COPD had a high CAT score, which was similar to previous findings [26] . In a study conducted by Watz et al. [27] it was shown that physical activity decreased significantly in patients with higher stages of COPD. With an increase in CAT score, the serum levels of pro-BNP and IL-6 were statistically increased, with a marked increase for pro-BNP. A significant positive correlation was also observed between the CAT score and IL-6 and pro-BNP levels. It was reported that the reduction of physical activity in COPD patients increases inflammatory factors such as C-reactive protein, IL-6, and fibrinogen [28] . Increased IL-6 can induce a catabolic response in muscle tissues and leads to proteolysis and the degradation of protein [29] . Nevertheless, it seems that systemic inflammation is a common feature of chronic diseases such as cardiovascular diseases, diabetes, and COPD [30] . Because these conditions may be seen in some patients with COPD, their comorbidities must be noted. In the present study, the increase in pro-BNP in GOLD stages and CAT score reflect, at least in part, the effect of comorbidities on health status.
The limitations of this study include a lack of cardiac imaging, especially echocardiography, to estimate pulmonary artery pressure. Also, right heart catheterization was not carried out to determine ventricular pressure.
Conclusion
In this study, the increased severity of obstruction in patients with stable COPD raised both IL-6 as a systemic inflammatory marker and pro-BNP as a marker of heart injury. These elevations of inflammatory markers were associated with a reduced quality of life and the severity of hypoxia in patients with stable COPD. These markers in COPD patients may be involved in the pathogenesis of disease and could be considered in the management of COPD patients.
